SUMMARY -Episiotomy is obstetric procedure during which the incision extends the vestibule of the vagina during the second stage of labor. Episiotomy was extensively spread with gradual increase of rates in the fi rst half of the 20 th century and was performed mediolaterally in all nulliparous women with the idea to protect fetal head from trauma and pelvic fl oor from injuries. However, reports claiming that episiotomy had no such benefi ts were published. It was shown that routine mediolateral episiotomy did not protect against the appearance of urinary incontinence after vaginal delivery, while the risk of anal incontinence could be increased. Th e role of episiotomy in development of pelvic fl oor dysfunction remains quite unclear. Due to the mentioned reason, restricted episiotomy approach should be accepted. Th e origin of stress incontinence during pregnancy is controversial and not definitely scientifi cally proven. Pregnancy per se and older age at fi rst delivery may have impact on the onset of pelvic fl oor dysfunction. Urinary incontinence in pregnancy increases the risk of later urinary incontinence, both postpartum and later in life. Vaginal delivery is just one of the potential risk factors for development of urinary incontinence. Mechanical pressure by fetus on the pelvic fl oor structures, limited denervation of the pelvic fl oor and soft tissue damage during delivery are some of explanations for the onset of stress urinary incontinence. On the other hand, cesarean delivery might not be protective against emergence of urinary incontinence. Further research in this fi eld is needed.
Introduction
Episiotomy is obstetric procedure during which the surgical incision extends the vestibule of the vagina during the second stage of labor. Episiotomy was fi rst described in 1741 1 and fi rst recommended in 1920 to be performed mediolaterally in all nulliparous women to protect fetal head from trauma and pelvic fl oor from extreme lacerations 2 . Episiotomy was extensively spread in the world with gradual increase of rates in the fi rst half of the 20 th century. However, reports claiming that episiotomy had no such benefi ts were published 3 and large studies stressed that routine implementation of episiotomy should be abandoned 4, 5 . Pregnancy by itself and childbirth are the possible risk factors for the onset of urinary incontinence, anal incontinence and pelvic organ prolapse, compromising the quality of life for a large number of women of all ages 6 . Stress urinary incontinence is a signifi cant health problem which restricts daily activity of women, although many women consider it as a minor health problem and a natural consequence of childbirth 7, 8 . Although symptoms could be heavy, small proportions of women seek professional help 9, 10 . Th e etiology of urinary incontinence is multifactorial, but obesity and aging, as well as obstetric trauma are known to be the most important risk factors 11, 12 . Urinary incontinence is defi ned as the involuntary loss of urine and is evidently a social and hygienic problem. It can be classifi ed in three main types: stress, urge, and mixed urinary incontinence. Stress urinary incontinence is leakage of urine during physical activity, coughing and all activities which increase intra-abdominal pressure. It is most commonly caused by a loss of anatomical support of the urethro-vesical junction, i.e. urethral hypermobility, defi ciency of the urethral sphincter, or both. Urge incontinence is leakage of urine accompanied with strong desire to void, and is caused by hyperactivity of smooth muscles of the bladder wall 13 . Stress urinary incontinence aff ects 86% of incontinent women, either alone (50%) or in combination with urge incontinence (36%) 14 . DeLancey et al. suggest that the cause of stress incontinence is attributable to the increase of urethral mobility and abnormal urethral sphincter function with low urethral closure pressure 15 . Lower maximal urethral closure pressure is the parameter most associated with de novo stress incontinence after fi rst vaginal childbirth followed by vesical neck mobility 15 . A series of risk factors seem to be involved in urinary incontinence postpartum and later in life, among which there is growing evidence for the impact of delivery mode 6, 8, [16] [17] [18] . Pregnancy per se may have impact on the development of pelvic fl oor dysfunction. Hormonal changes during pregnancy and the mechanical pressure eff ects with the peak in the third trimester and at term are the factors that aff ect the pelvic fl oor structures 18 . First pregnancy and delivery are believed to carry a particularly high risk of developing stress incontinence 19, 20 , although the symptoms may resolve during puerperium 19 .
Impact of Pregnancy and Delivery on Urinary Incontinence
Th e origin of stress incontinence during pregnancy is controversial and still not defi nitely scientifi cally proven. Hormonal changes or elevated elastic tissue deterioration may soften the collagenous fi bers that support the urethra and bladder neck 19, 21 . Degenerative changes in the autonomic nervous system of the lower urinary tract or mechanical pressure eff ect of the gravid uterus may be contributing factors 22 ( Fig. 1) . Although the prevalence of stress incontinence is higher during pregnancy than after delivery, it is generally believed that delivery carries a higher risk of initiating long-term symptoms than pregnancy itself 19, 20 . In one longitudinal cohort study, the risk of stress incontinence 5 years after the fi rst delivery was, however, not signifi cantly diff erent in women with the onset of symptoms during pregnancy as compared to women with the onset of symptoms during puerperium 23 . Women with the onset of stress urinary incontinence during pregnancy could be predisposed to damage at delivery. Th is may explain why episiotomy at fi rst delivery in women with the onset of symptoms during fi rst pregnancy leads to a signifi cant increase in longlasting stress incontinence 23 . Th e true impact of pregnancy on long-lasting stress incontinence is quite unclear.
Th e eff ect of vaginal delivery is just one of the potential risk factors for development of urinary incontinence after delivery and later in woman's life. Limited denervation of the pelvic fl oor is supposed to be pudendal nerve injury resulting from vaginal delivery injuries or prolonged abdominal pulling during fetal expulsion 24 . Soft tissue damage during childbirth might weaken post-delivery bladder neck support and as a consequence can produce some sort of weakness of paraurethral connective tissue and fascial structures, altogether resulting in stress urinary incontinence [25] [26] [27] . Fibrosis and damages to the levator ani muscle during vaginal childbirth may also contribute to this condition 28 . Some fi ndings suggest that fi rst pregnancy and delivery in particular predispose development of stress incontinence, which is in accordance with a study in a large group of young multiparous women 20 . Th ere are reports supporting a theory that pelvic fl oor innervation is likely to be injured predominantly after the fi rst delivery and subsequent deliveries could possibly aggravate the already existing injury 29 . A large epidemiological study implies that increasing parity can increase the risk of the onset of stress incontinence 30 . Some authors state that the infl uence of subsequent deliveries in developing stress urinary incontinence is exagger-ated 23 . Apart from parity and age, other risk factors should be considered such as obesity, chronic lung disease and smoking, which all could contribute to the symptoms of urinary incontinence 31 . Pelvic fl oor disorders are a highly common condition in the immediate postpartum period, with a prevalence of 18.4% in primiparous women and 24.6% in secundiparae 32 . It has been estimated that the prevalence of urinary incontinence three months postpartum is around 30% of women with previously spontaneous vaginal delivery, while for women having delivered by cesarean section the rate is 15% 17, 33, 34 . A study in 4200 women conducted six years after delivery showed that those that had only vaginal delivery and those that had delivered both vaginally and by cesarean section had an approximately equal prevalence of urinary leakage (26% and 28%, respectively). However, the prevalence among those having delivered only by cesarean section was 14% 35 . A large retrospective population-based observational study 12 in a population of 15,300 women found the prevalence of urinary leakage of 10% in the nulliparous group and 16% in the cesarean section group, while in the group that had only vaginal deliveries the rate was 24%. Furthermore, this study found that women aged over 50 had no protective eff ect from cesarean section anymore 12 . Other factors that may have unfavorable infl uence are older age at fi rst childbirth and primiparity 36, 37 . In the previously mentioned study by Rortveit et al., the incidence of stress urinary incontinence was 4.7%, 6.9% and 12.2% in the nulliparous, cesarean section and vaginal delivery groups, respectively. Th e respective rates of urge urinary incontinence were 1.6%, 2.2% and 1.8%, and of mixed urinary incontinence 3.1%, 5.3% and 6.1%. Adjusted odds ratio for any type of urinary incontinence was found to be 1.5 in the cesarean group as compared with nulliparous women (95% CI 1.2-1.9). In case of vaginal delivery in comparison with cesarean delivery, the odds ratio for any type of urinary incontinence was found to be 1.7 (95% CI 1.3-2.1) and that for severe incontinence 2.2 (95% CI 1.7-3.2). Th e risk of stress urinary incontinence increased 2.5-fold in case of vaginal delivery as compared to cesarean delivery. Th is research implies that cesarean delivery might not protect against urinary incontinence 12 . It appears that a woman must have all children delivered by cesarean section in order to achieve protection against long-term incontinence 35 . Urinary incontinence in pregnancy increases the risk of later urinary incontinence, both postpartum and later in life 17, 38 , but nevertheless it is not a predictor of benefi t from giving birth by cesarean section to protect against urine leakage 17, 39 . Increase of urethral mobility in combination with lesions of the levator ani muscle is the probable mechanism of impairment during vaginal delivery 40 . Nevertheless, urethral hypermobility returns to pre-delivery rates after few months postpartum 41 . Some authors found no connection between urethral mobility and postpartum urinary incontinence 42 . According to DeLancey et al., only 16% of postpartum stress urinary incontinence could be explained by urethral mobility, whereas urethral closure pressure could account for 25% of post-delivery stress urinary incontinence 15 . Th e link between muscle levator ani avulsion and postpartum stress urinary incontinence was not confi rmed 43 . Th e connection between urethral closure pressure and gravidity still remains quite unclear. Fritel et al. found that the association between maternal age and urinary incontinence could be explained by a lower urethral closure pressure, as the latter is known to decrease with advancing maternal age 44 . Th e underlying mechanisms of post-delivery urinary incontinence and anal incontinence have been shown to be diff erent, implying that diff erent strategies may be needed for their prevention 43 . Women that practice regular pelvic fl oor exercises from midterm pregnancy have a reduced risk of the onset of urinary incontinence, as well as anal incontinence, supporting the importance of pelvic fl oor exercises during pregnancy to prevent pelvic fl oor dysfunction 45 . Th e reported pregnancy and delivery related risk factors for the emergence of urinary incontinence are pre-pregnancy body mass index (BMI), BMI at term, weight gain, smoking during pregnancy, duration of the fi rst and second stages of labor, spontaneous or operative delivery, perineal lacerations, weight of the newborn, maneuvers and episiotomy, as well as epidural analgesia 32 . Having all this in mind, the mechanisms of initial injury are still largely unknown. Th e impact of delivery on the occurrence of stress urinary incontinence is just one of the factors, making urinary incontinence a quite multifactorial disorder.
Th e association between the mode of delivery and overactive bladder syndrome has not yet been well established. Th e probability for the onset of overactive bladder syndrome does not diff er signifi cantly between women having delivered vaginally and by cesarean section 46 . Palma et al. state that pregnancy per se rather than the mode of delivery is a risk factor for development of overactive bladder 47 . Overactive bladder symptoms were more likely to be seen among multiparous women as compared to primiparous women. Symptoms of overactive bladder are more frequently seen in women having delivered vaginally than in the group of women having delivered by cesarean section, but the diff erence did not reach statistical significance 47 . Vacuum and forceps assisted delivery increases the risk of overactive bladder development 48 .
Types of Episiotomy
Most obstetric textbooks describe only two types of episiotomy, mediolateral and median 49 , although there are more (Fig. 2) . Th e main types of episiotomy are medial, modifi ed medial, mediolateral, lateral, "J" and Schuchardt incision 50 . Median episiotomy cut begins from the posterior fourchette vertically to the perineum, and it scratches to half the thickness of the perineum. Modifi ed median episiotomy has the same direction as the medial one and is performed by adding two transverse incisions in opposite directions just above the expected location of the anal sphincter. Lateral episiotomy cut starts 1-2 cm of the posterior fourchette in the direction of ischial tuberosity, whereas mediolateral episiotomy is directed from midline (posterior fourchette) or 3 mm of it at the angle of at least 60 degrees to ischial tuberosity. Schuchardt incision starts from the same place as lateral episiotomy, but with a slightly smaller angle and in a gentle curve passes laterally to the rectum to ischiorectal fossa. It is very rare in the current obstetric practice, performed only with very diffi cult fetal expulsion. J-incision commences with a midline incision and is then curved laterally to avoid the anus in the direction of ischial tuberosity and looks like letter "J". Th ere are currently no international guidelines for episiotomy to be incised on the right or the left side and some maternity wards in Europe classify lateral episiotomy as mediolateral 51 . Lateral type is used in Finland 52, 53 , whereas Greeks use lateral episiotomy, but wrongly classify it as mediolateral 54 . Very large diff erences in classifi cation and terminology have recently been resolved to a certain de-
Fig. 2. Types of episiotomy: 1 -lateral; 2 -mediolateral; 3 -modifi ed median episiotomy; 4 -median episiotomy; 5 -"J" shaped episiotomy; and 6 -Schuchardt incision.
gree 50 . In the light of the facts mentioned above, lateral episiotomy is rarely mentioned in the obstetric literature, despite its wide usage. Th e larger angle of episiotomy has been proven to carry a lower risk of anal sphincter and pelvic fl oor injuries [55] [56] [57] . Large observational studies have shown that with increasing the angle of lateral episiotomy, the incision has a protective eff ect on the onset of anal sphincter injury 53, 55, [58] [59] [60] . Studies dealing with the eff ect of lateral episiotomy on urinary and anal incontinence and medium-longterm sexual function are not found by searching literature databases. It has been shown that medial and mediolateral episiotomies do not protect pelvic fl oor from relaxation and dysfunction, with no favorable eff ect on the occurrence of stress urinary incontinence and anal incontinence 61 .
Impact of Episiotomy on Urinary Incontinence after Delivery
Th ere are two approaches in the use of episiotomy in obstetrics today, restrictive and routine approach. Th e restricted approach is used with increasing frequency and represents the use of episiotomy according to obstetric indication. In a meta-analysis that included all major randomized clinical trials, Carroli and Mignini 62 found that restrictive episiotomy compared to routine use of episiotomy resulted in less perineal lacerations and ruptures with fewer postoperative complications. Th ere was no diff erence in postpartum perineal pain, incidence and severity of trauma, and urinary incontinence after childbirth. Leading experts in this fi eld recommend the use of restricted approach, i.e. in accordance with obstetric indications (operative vaginal delivery, fetal hypoxia, and inelastic rigid perineum) 5 . Klein et al. found no diff erence in perineal trauma and pain after vaginal delivery with the use of restrictive midline episiotomy in primiparous women compared to routine approach. Th ere was no diff erence in urinary incontinence and other symptoms of pelvic fl oor damage 3 months following delivery either, suggesting that routine episiotomy has not protective eff ect on the pelvic fl oor 63 . One study dealing with the phenomenon of pelvic relaxation after vaginal delivery showed that episiotomy caused decreased strength of pelvic fl oor muscles 64 . Similar results have been reported by Sartore et al. 65 , stating that mediolateral episiotomy does not protect against the appearance of stress urinary incontinence, anal incontinence and female genital prolapse. According to Pregazzi et al. 66 , detailed classifi cation of perineal ruptures immediately after delivery is not proven to be a good predictor of the occurrence of pelvic relaxation and stress urinary incontinence. Th e risk of developing urinary incontinence was found to be by 67%-71% higher after vaginal delivery as compared to cesarean section in a population-based cohort of singleton primiparae 67 . Fritel et al. state that routine mediolateral episiotomy in a population of primiparae does not protect against the appearance of urinary incontinence in 4-year period after vaginal delivery, while the risk of anal incontinence is increased 68 . Moreover, according to several major observational and cohort studies, episiotomy could be a risk factor for the onset of pelvic fl oor disorders 23, 69, 70 . Few authors state that episiotomy does not aff ect the incidence of pelvic fl oor disorders 48 . As already mentioned, vaginal delivery carries a higher risk of urinary incontinence but anal sphincter injuries do not aff ect the occurrence of urinary incontinence. Some authors report a similar incidence of urinary incontinence after vaginal delivery and cesarean section 71 . Intrapartum cesarean section lost protective eff ect on the occurrence of urinary incontinence and only per-delivery elective cesarean section retains protective eff ect 71 . According to Casey et al., episiotomy increases the risk of urinary incontinence alone as an independent factor, and in association with other factors (macrosomia, epidural analgesia, and oxytocin augmentation of delivery) 69 . Th e same study suggests a protective eff ect of cesarean section on the occurrence of stress and urge urinary incontinence 69 . Restricted use of episiotomy increases the rate of perineal lacerations that are not associated with the occurrence of stress urinary incontinence 72 . Some researchers state that the phenomenon of stress urinary incontinence during pregnancy doubles the chance for the emergence of urinary incontinence after delivery 6 . Fetal weight, episiotomy, length of the second stage of labor and epidural analgesia were not predictive factors for stress urinary incontinence 6 . In addition, the prospective study by Chang et al. comparing a group of vaginal delivery without episiotomy and a group with vaginal delivery with episiotomy showed the incidence of urinary incontinence to be signifi cantly higher in the group with episiotomy 73 .
Discussion
Bozkurt et al. 18 have clearly summarized results from the existing literature and presented the main points of the researches in this fi eld, as follows: 1) a total of 65% of patients with incontinence remember that the fi rst episode of incontinence happened during pregnancy or in the postpartum period; 2) having a history of the fi rst vaginal delivery at the older age may be one of the major risk factors for pelvic fl oor damage; 3) routine episiotomy should no longer be used in modern obstetric practice, as it cannot prevent direct trauma to the pelvic fl oor muscles; 4) pregnancy itself is the most important and independent risk factor for pelvic fl oor dysfunction, so pelvic fl oor muscle exercises performed during pregnancy and in early postpartum period may be protective against urinary incontinence during late trimesters of pregnancy and late postpartum period, as well as against anal incontinence; 5) elective cesarean delivery (before the onset of labor) seems to lower the risk of postpartum urinary incontinence within a short period of time. However, cesarean delivery does not prevent urinary incontinence and anal incontinence at long term; and 6) not enough scientifi c data are available to recommend elective cesarean delivery in order to prevent pelvic fl oor dysfunction.
We can say that the majority of studies investigating the impact of episiotomy on urine continence involved mediolateral and medial episiotomy. Most of the results suggest that episiotomy has an adverse effect on the pelvic fl oor after childbirth, although the results are partially incoherent. It is important to stress that most of the studies were limited in terms of levels of evidence. Despite all studies, there are not enough evidence-based data confi rming that vaginal delivery and episiotomy are the only factors responsible for pelvic fl oor disorders and onset of urinary incontinence. Th erefore, the role of episiotomy as a risk factor or protective factor for the development of pelvic fl oor dysfunction remains unknown, which was confi rmed in a large systematic review by Hartmann et al. 5 . Pregnancy itself may be one of the most important risk factors for the development of pelvic fl oor dysfunction. It is diffi cult to compare cesarean delivery with vaginal delivery in terms of pelvic fl oor dysfunction, or delivery with restrictive episiotomy versus delivery with spontaneous lacerations due to diff erent study designs, follow up periods and measuring tools. Well-organized and planned, prospective, double-blind, randomized multicenter studies are needed in this fi eld of research. Randomized controlled trials should include patients with homogenized risk factors and other types of studies that must include a maximally homogeneous sample. Only in such a manner, we will be able to make clear and defi nitive conclusion on the impact of the delivery mode and role of episiotomy on stress urinary incontinence. Many theories made the relation between pregnancy and delivery relative to the emergence of stress urinary incontinence more complex to understand clearly. In addition, the interval between the fi rst pregnancy and the onset of urinary incontinence symptoms is quite elongated; the mean age at surgery for stress urinary incontinence is the fi fties, about 30 years after fi rst childbirth 74 . Th is is the reason why it is diffi cult to establish a strong link between obstetric events and urine incontinence demanding surgical treatment in later years. Studies dealing with long-term outcome involving women at the end of reproductive age are required. It is possible that pregnancy per se could be a great risk factor for severe stress urinary incontinence in some women in their fi fties. Additionally, there is no confi rmed causal link between urinary problems in the early post-delivery period and those with the onset of symptoms around the menopause. Long-term impact of the mode of delivery (spontaneous, operative vaginal or cesarean) on severe stress urinary incontinence seems to be insignifi cant.
Conclusion
In conclusion, according to the available literature it appears that episiotomy does not protect against the appearance of stress urinary incontinence; moreover, some designate it as a risk factor. According to the majority of high-quality studies, the phenomenon of stress urinary incontinence is not causally associated with episiotomy. Probably muscle strength is decreased in women with episiotomy, thus making possible the development of the phenomenon of pelvic relaxation in this group. Th e impact of pregnancy per se on the onset of stress urinary incontinence is greatly underestimated. Restrictive approach is recommended in daily routine considering the non-protective eff ect of episiotomy on the pelvic fl oor. Th e role of cesarean section as a method of avoiding urinary incontinence is greatly questionable.
